To evaluate the leukocyte differential flags of the Cobas Argos 5 Diff., the authors performed a comparative study between their current analyzer, the Technicon H2, and the manual leukocyte differential. Samples (n = 1,600) were collected from the Blood Disease Department of their hospital and were tested on both Cobas Argos 5 Diff. (ABX/Roche Hematology Division, Montpellier, France) and Technicon H2. Abnormalities of the manual leukocyte differential (immature granulocytes, blast cells, atypical lymphocytes, hyperbasophil cells, erythroblasts, and hairy cells) were found in 597 samples. The authors determined the best cut-off of the quantitative flags-atypical lymphocytes (ALYs) and large immature cells (LICs)-using the likelihood ratio method, and the capability of the 5 Diff. qualitaAutomated systems are now widely used to perform reliable differential leukocyte counts, but they need extensive evaluation of their flags to be sure of their safety and efficacy in diagnostic hematology. The reference for electronic differential leukocyte analyzer evaluation is the method established by the US National Committee for Clinical Laboratory Standards (NCCLS).' We have adapted this method to an evaluation of the leukocyte differential flags of the COBAS Argos 5 Diff.
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To evaluate this device, we performed three differential counts of white blood cell (WBC) subpopulations on 1,600 samples of more than 1 X 10 9 /L WBC: one manual/visual count and two automated counts on Argos and Technicon H2 devices. The samples were all provided by the Blood Disease Department of our hospital in order to validate the alarms of the analyzers in a large series of pathological samples. To analyze this series, we developed several computer programs and applied the recent method of the likelihood ratio 2 to better define the most discriminatory flag cut-off point of the Argos counter. We particularly studied the contribution of the Argos qualitative flags for efliciency in defining pathological WBC subpopulations.
MATERIALS AND METHODS

System Description
The Cobas Argos 5 Diff (ABX/Roche Hematology Division, France) is a fully automatic blood cell counter and analyzer. Briefly, whole blood (200 nL) is drawn from a closed tube and divided into three aliquots.
One aliquot of blood (25 nL) is taken for performing the counts of platelets, red and white blood cells, using the variation of impedance. Hemoglobin is measured by a modified hemoglobin cyanide absorbance method.
A second aliquot of 25 JUL is mixed with a specific reagent (Eosinofix) that induces red blood cell lysis, WBC fixation in their native state, and the staining of the eosinophil granules. Next, the WBC are hydrodynamically focused twice and passed through an ABX-specific chamber where two parameters on each cell are simultaneously measured: volume (using variation of impedance) and light absorption (using a halogen light source). From these measurements, a bivariate distribution his-
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Original Article togram is plotted with volume on the x-axis and absorbance on the y-axis (Fig. 1) . Neutrophils, eosinophils, monocytes-basophils, and lymphocytes can be recognized. Moreover, certain pathologic subpopulations can be localized, such as atypical lymphocytes (ALY) and large immature cells (LIC). Figure 1 shows the area corresponding to the expected localization of abnormal cells. 
Specimen Collection
Blood samples (n = 2,167) were collected in Vacutainer K 3 -EDTA tubes (Becton-Dickinson France, Pontde-Claise, France) from patients in the Blood Disease Department (n = 490). We analyzed 1,600 samples with more than 1 X 10 9 /L WBC for the WBC differential count. Some patients were sampled several times on different days. All the samples were analyzed within 4 hours after collection. Among the 1,600 samples, 212 were from patients with acute lymphoblastic leukemia (ALL), and 414 were from patients with acute myeloblasts leukemia (AML) at diagnosis or in relapse, in treatment or under supervision. The other samples were from patients with various chronic hematologic diseases (chronic myelogenous leukemia, chronic lymphocytic leukemia, etc.) or were considered normal.
Reference Method
All blood smears were stained by the May-Grunwald Giemsa method. Using the double-blind method, two specialists counted 100 cells after a scan of the slide to avoid misinterpretations of the blood film. If a discordance of more than 10% for one WBC subpopulation or in the detection of abnormal cells between the two counts appeared, a third count was performed on 200 cells. The abnormalities chosen and their number are summarized in Table 2 . Any cells with basophilic cytoplasm, having a size close to lymphocytes and some nuclear abnormalities were called "atypical lymphocytes." Cells larger than lymphocytes with basophilic cytoplasm and extensive nuclear abnormalities were called "hyperbasophil cells." Because of the particular recruitment of the patients in this study, we did not consider atypical lymphocytes as an abnormality if their percent- A sample was considered abnormal (PS: positive sample) when at least two abnormal cells/100 leukocytes (with the exception of atypical lymphocytes and band cells as indicated previously) were found on the blood film. Otherwise, the sample was considered normal (NS: negative sample).
Cobas Argos Flag Analysis
A sample was determined negative (normal sample) if no analyzer flag (AF) was present on the printout of the analyzer results, and positive (abnormal sample) if one or more AF appeared. We divided the AF into two categories: (1) AF 1 = quantitative flags; (2) AF2 = qualitative flags, as shown in Table 1 . To define an AF1, a threshold value was determined. If the value of the AF1 was greater than or equal to the threshold, the blood sample was considered abnormal. The presence of an AF2 always indicated an abnormal sample. The threshold values recommended by the manufacturer in the version 2.7 of the Argos analyzer software we used in this study are 2.5% and 2.0% for LIC and ALY flags, respectively.
Technicon H2 Flag Analysis
All samples were simultaneously run on a Technicon H2 according to the manufacturer's recommendations. The same procedure described previously was used for determining negative and positive samples. In particular, we used the value of 4.5 as the best cut-off value for detecting the AF1 LUC (large unstained cells). All AF2 flags were taken into consideration to determine a positive sample (ie, a sample was considered positive if the value of the WBC flag was different from the normal value of "0000").
Statistical Calculations
The results were reported as true negative (TN) if the results from the analyzers and the manual leukocyte differential were both negative; true positive (TP) if the results from both techniques were positive; false negative (FN) in cases of negative results given by the analyzer and positive by manual determination; false positive (FP) in cases of a positive result reported on the analyzer and negative by manual determination.
Classical indices were calculated according to the following formula: The use of the likelihood ratio (LR) method is one of the best means to determine the optimal cut-off value of quantitative flags to predict the outcome of a normal or abnormal sample. 2 This ratio expresses the likelihood of a test outcome category in diseased patients divided by the likelihood of that outcome category in nondiseased patients.
The LR is the ratio of two probabilities and is calculated as follows: LR+ = probability of an AF1 for PS/ probability of an AF1 for NS L R -= probability of no AF1 for NS/ probability of no AF1 for PS In the case of a simple binary test outcome (abnormal = +; normal = -), the likelihood ratio was equal to:
The maximum value of LR+ corresponds to the best value capable of minimizing the number of FP cases.
The maximum value of LR-corresponds to the best value capable of minimizing the number of FN cases.
Recording and Analysis of Data
To analyze such a large series of data, we developed three computer programs: 
RESULTS
Determination of the Best Cut-off Values of the AFl
The ABX/Roche manufacturer recommends a value of 2.5 for the best determination of immature granulocytes using the LIC flag, and a value of 2 for the best determination of atypical lymphocytes using the ALY flag. For each AF1 and for each specific blood abnormality detected by these AFl, we calculated the values of the LR+ and L R -for a large range of AFl values above and below those recommended by the manufacturer. Figure  2 shows that the best value of LIC capable of minimizing the number of FN is 1, and the best value for FP is >3. An objective choice of the best cut-off value is provided by the calculation of the two LR. We chose to take the value of LIC corresponding to the intersection of the LR+ and L R -curves to avoid excessively increasing the number of FP cases that would occur if the value 1 was selected for the LIC threshold. A value of 2.2 was considered as the best cut-off value for the LIC flag for detecting immature granulocytes. In comparison, the same LRand LR+ curves performed for detecting atypical lymphocytes show that the LIC flag is not a good means for detecting them, as was expected (LR+ and L R -< 1). Figure 3 shows that the best value of ALY for minimizing the number of FN is 0.6 and the best for FP is approximately 3. As described previously, the intersection point of LR+ and L R -curves with a value of 1.5 was considered as the best cut-off value for the ALY flag for detecting atypical lymphocytes. Interestingly, with the LR method, the ALY flag is not a good means of detecting hyperbasophil cells and immature granulocytes (LR+ and LR-is approximately 1). Figure 4 shows the FP percentages of each AFl (ie, the number of a positive flag in a normal sample (NS) divided by the number of this positive flag found in the whole series) when using the two previously described threshold values for each AFl and the FP percentages of each AF2.
Considering immature granulocytic cell abnormalities on the blood film, the FN percentage of LIC flag was 18% when using the manufacturer's threshold value of 2.5, and 15.9% when using the calculated threshold value of 2.2. Considering atypical lymphocyte abnormalities on films, the FN percentage of ALY flag was 25% when using the manufacturer threshold value 2.0, and 16% when using the calculated threshold value of 1.5.
Determination of FN, FP, TN, and TP Cases
Taking into account the values for defining normal and abnormal samples, the values of AFl defined previously using the LR method (Argos LR) or the values of AFl recommended by the manufacturer (Argos manual), the values of FN, FP, TN, TP, sensitivity, specificity, and efficiency are indicated for the Argos and Technicon H2 in Table 3 . The values of sensitivity, specificity, and efficiency are very close for the two sets of AFl values because the latter are very close themselves. Nevertheless, the percentage of FN decreases when using the AFl values determined by the LR method (2.93% instead of 3.87%).
The numbers of FN, FP, TN, and TP found in only one analyzer or in both are indicated in Table 4 . There is a concordance between the two devices in 1,209 cases (75.6%). Among the 47 FN found with Argos, 32 (68%) concerned immature granulocytes, 12 (25%) atypical lymphocytes or hyperbasophil cells, and 4 (8%) erythroblasts (one sample had both immature granulocytes and erythroblasts).
Usefulness of the AFl to Detect a Specific Blood Abnormality
We studied the relationship between the presence of an AF2 and a specific blood abnormality as described in Table 2 . First, to determine the AF2 which best detected a specific blood abnormality, we considered only the samples with a single abnormality on the blood film and a single AF2. We calculated the PV+ for each single abnormality and each AF2. The results are summarized in The percentages (absolute numbers in parentheses) of FN (false negative). FP (false positive). TN (true negative). TP (true positive), and the values of sensitivity, specificity, and eliicicncy are indicated for the two analyzers. Tables 5 and 6. Table 5 indicates the grading of specific blood abnormalities found on the blood film for each AF2. For example, the AF2 named LL is first associated with atypical lymphocytes, followed by erythroblasts, immature granulocytes, and blast cells. Table 6 indicates the grading of the AF2 for each abnormality on the blood film. For example, the AF2 named RN is the best flag to detect immature granulocytes, followed by NL, RM, LN, and LL. Note that the MN flag was never found as a single flag. Figure 4 shows the FP percentages when using the different AF2. The most specific flags are MN, RN, and NE, and the least specific are LN and MB.
We were particularly interested in two points: (1) In what area were the band cells localized? and (2) What AF2 best detected the blast cells in ALL and AML?
1. In Tables 5 and 6 , the NL flag appears closely associated with immature granulocytes. In fact, each time the NL flag was associated with the MN flag (39 cases), corresponding cells were always band cells on blood films. This was also the case in 15 cases of the NL flag found alone, but the high level of FP using this flag (42%) prevents this flag from being used profitably. So the specific characteristic of band cells seems to be the association of NL-MN flags. Moreover, the low level of FP cases with the MN flag (4%) shows its specificity. 2. There were 29 samples with more than 1% of ALL blast cells. For 13 (45%) samples, no AF2 were found, but in 9 of 13 cases, LIC percentages were more than 2.2% and in 12 of 13 cases, ALY percentages were more than 1.5% (8 of 13 cases had both AF1). For ALL cases, the most frequently found AF2 were NL (75%) and RM (56%). The RN flag was found in only one case. There were 58 samples with more than 1% of AML blast cells. In five (8.6%) samples, no AF2 were found, but in four of five cases, LIC percentages were more than 2%. In 1 of 5 cases, the ALY percentage was more than 1.5%. No FN cases were found when blast cells were present in the sample. For AML cases, the most frequently found AF2 were RM (86%), RN (67.2%), and NL (44.8%). The association of RM-RN flags was found in most AML blast cells (64%).
DISCUSSION
Few evaluations of the Cobas Argos 5 Diff. have been reported. 3 4 In this study, we systematically analyzed the
TABLE 5. CLASSIFICATION OF THE BLOOD ABNORMALITIES DETECTED BY EACH AF2 OF COBAS ARGOS 5 DIFF BY USING THE PREDICTIVE VALUE OF A POSITIVE RESULT (PV+)
X X X X X X Sec Tabic I for definitions. For each AF2 flag, the potential for using the flag to recognize each of the blood abnormalities is classified by using the PV+ value of the flag. For example, the main value of LL is in detecting atypical lymphocytes (I). then erythroblasts (2) . immature granulocytes (3), and blast cells (4) . When no classification is given (X). the value of PV+ is so low that the corresponding flag is not useful in detecting a blood abnormality. For each blood abnormality, the potential for using an AF2 flag to recognize a particular blood abnormality is classified by using the PV+ value of the flag. For example, immature granulocytes arc first detected by the RN flag {I), then by the NL flag (2) . then the RM flag (3) . then the LN flag (4). and finally LL flag (5) . When no classification is given (X). the value of PV+ is so low that the corresponding flag is not useful in detecting a blood abnormality. For each blood abnormality and for each AF2 flag, the values in parentheses indicate the numbers of cases having only this blood abnormality or only this AF2 flag.
Argos flags of the WBC differential. The analysis was performed on a large number of samples provided by the Blood Disease Department of our institution to have the largest possible number of pathologic samples. We decided not to include blood samples with less than 1 X 10 9 /L, WBC because the leukopenic differential is often imprecise and may lead to numerous rejections.
To analyze such a large series of samples, we had to design computer programs especially for this purpose, including powerful statistical tests such as the likelihood ratio method. 2 On the Cobas Argos as on many other analyzers, there are two types of flags: (1) quantitative alarms called AF1 in this study and considered positive above a particular threshold value; and (2) qualitative alarms called AF2 that operate in a binary way: presence or absence.
The LR method allowed us to determine for the two AF1 (ie, LIC and ALY), the best cut-off for detecting immature granulocytic cells and atypical lymphocytes. Despite the manufacturer's recommended cut-off values of 2.5 and 2.0 for LIC and ALY, respectively, we show in this series of samples that the values of 2.2 and 1.5 are more precise for detecting immature granulocytic cells and atypical lymphocytes. It is probable that the best cutoff values for detecting abnormal cells would not be the same in all series, so we suggest that each laboratory should determine their own reference values. Despite various attempts at standardization throughout the world, differences exist among pathologists regarding blood cell identification. A surgeon may ascribe great importance to the presence of "band cells" in acute inflammatory diseases, but a hematologist will probably be more sensitive to differences between normal and abnormal lymphocytes and monocytes. We think that defining flag limits is of major importance, and that the values of these limits are probably not the same for all the samples of a general hospital. In this way, the LR method seems to be effective because it visualizes the gain in information provided by a positive AF1 in the detection of a blood abnormality. Figure 2 clearly shows that the LIC flag is more useful for detecting immature granulocytic cells than atypical lymphocytes; the reverse is true for the ALY flag. More manufacturers are trying to associate qualitative flags with a specific abnormal cell population. Using the ABX Argos, it is possible to attempt this detection with 11 qualitative alarms. Because we worked on a large series of pathologic samples, it was possible to associate the presence of an unique flag with a single blood cell abnormality in a large number of cases. Tables 5 and  6 show the more or less predictive value of these alarms and we could underscore the most frequent flags encountered in a precise cell population abnormality. We found two characteristic associations of AF2: the NL + MN association with band cells, and the RM + RN association with AML blast cells. Nevertheless, it is difficult to consider these AF2 as truly helpful in cytologic diagnosis. The numerous FN and FP encountered in the detection of blood cell abnormalities when using these AF2 indicate that AF2 only have the value of a rough guide.
The comparison of the two differential counters ABX Argos and Technicon H2 provided interesting and contrasting results. The high level of FP cases in our series can be easily explained by the particular recruitment of the patients; 379 FP cases were found by both analyzers. The question arises as to whether we can be sure that the patients' cells considered normal under the microscope had no subtle abnormalities found by the analyzers (ie, the presence of less mature PMN, the so-called band cells). The two analyzers had more agreement between each other (75.6%) than between either one with a manual/visual counting method. Nevertheless, the number of FP cases is much higher with H2 than with Argos. The Vol. 104-No. 5
